Abstract: Due to the complex structures and the wide frequency bandwidth applied for high resolution, the electromagnetic compatibility (EMC) design has significant effects on synthetic aperture radar (SAR) images. In this paper, the characteristics of SAR system are analyzed first. Based on the analysis, the model of noise caused by EMC design is built, which is used for research the effects on SAR images. Finally, computer simulation results illustrate the effects on the SAR images.
Introduction
Spaceborne synthetic aperture radar (SAR) has played an irreplaceable role in remote sensing, and has been used in many area, such as ship detection, environment monitoring, agriculture, resource survey, and so on [1] [2] [3] [4] . With the development of the SAR technique, high-resolution, multifunction and miniaturization are the future development trends of spaceborne SAR, which arise a new challenge for electromagnetic compatibility (EMC) design. Because radar itself has both high power emitting device and sensitive receiving device, it is hard to make a good electromagnetic protection in space environment. Moreover, as for SAR, in order to obtain high resolution SAR image, it transmits a linear frequency modulation (LFM) signal, which has a very large frequency range. For example, for 0.5m resolution, 600MHz signal bandwidth is need. Due to so wide signal bandwidth, signal is very easy to be interfered, which consequently affects the quality of the SAR images.
Effects caused by EMC on radar system have been analyzed and discussed in [5] [6] [7] . A measurement model is built for radar electromagnetic compatibility analysis in [5] , and describes the relationship of the attenuation coefficient of radar maximum range. Moreover, in [6, 7] , several features of airborne radar and shipborne radar are introduced by using the electromagnetic compatibility, especially the discussion of the effects on wideband signal. However, compared with the traditional radar, SAR is different because of the super-wide frequency bandwidth. Furthermore, due to the requirement of miniaturization and the complex space electromagnetic environment, it is a challenge for EMC design to guarantee the quality of SAR image.
Aim at the problem mentioned above, EMC effects on high-resolution spaceborne SAR image are researched as follow in this paper. Section I gives a general introduction of the background. Section II reviews the composition of SAR system and the signal mathematic formula. Section III addresses the effects of EMC on SAR signal. Section IV shows some simulations by using the true SAR images. Section IV draws the conclusions of this paper.
SAR System And Signal Formula
Synthetic aperture radar is composed of the Linear FM source, transmit device, receive device, Low noise receiver, power amplifiers, and so on. In order to get highresolution and high gain, LFM signal is applied in SAR system. As for LFM signal, its phase is quadratic, and the frequency is changed linearly, which cover a wide range in frequency domain. The mathematical formula of LFM is given as follow:
Where According to the formula (1), the phase of LFM signal should obey quadratic. So, by applying the principle of stationary phase (POSP), we can transform LFM signal to frequency domain, which is given as follows:
Where, f is frequency parameter, [ ] p ⋅ is envelope in frequency domain, and ( ) ' A f is amplitude of frequency response. Figure 1 shows an example of LFM signal, and illustrates phase in time domain and amplitude in frequency domain, which has the 30us width and 300MHz frequency bandwidth with a 350MHz sampling rate. From the Figure 1 , it is obvious that the signal is very easy disturbed by noise caused by EMC, when the radio-frequency signal is down-conversion to baseband signal. And, noise intensity defines the degree of influence on SAR images. 
EMC Effects Analysis
In this section, the model of noise will be discussed and analyzed. As mentioned in section II, SAR system is composed with different components, and each component have their own characteristics. For example, some of them work with low-pass frequency characteristic, and some of them work with high-pass frequency characteristic. Moreover, their dynamic range and attenuate are also different, which lead to a complex effect on signal in frequency domain.
High-resolution SAR have a super wide frequency bandwidth. However, different components have different frequency band range and different modulation mode, so the piecewise functions can be used to describe the EMC effects on signal. There will be n kinds of interference sources, and the whole frequency range is divided into m segment.
( ) 
Where ( ) As for the arbitrary interference source, the amplitude obeys the Gauss distribution, and phase obeys the uniform distribution. Moreover, for different interference sources, their amplitude and phase are statistically independent. Formula (4) give the amplitude statistically distribution.
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Where
σ represents the variance of ith interference source, and the average is zero.
Simulation
In order to illustrate the effects on the SAR images, we carried out some experiments by using TerraSAR-X image product. The parameters are listed in Table 1 . And, Figure 2 shows the SAR images results with different noise levels. From Figure 2 , the larger the noise level is, the bigger the effect is. And, some weak targets are even submerged by noise caused by EMC, which will decline the image quality and lead a wrong decision based on SAR images. Moreover, in the case of high noise level, SAR images become blurred. So, it is very important to consider the effects caused by EMC, when we design the SAR system, especially for the high-resolution system. 
Conclusion
To guarantee the quality of SAR image, especially in the case of high-resolution images, the EMC effects should be taken into account. In this paper, combined with the characteristic analysis of LFM signal, the effects on high-resolution SAR images were addressed and verified by simulations using TerraSAR-X image. According to the simulation results, the noise caused by EMC will degrade the SAR image quality, which should be avoided in SAR system design.
